The "Extensor habitus" phenomenon occurs in finger flexor tendon injuries and consists of a paradoxical extension of the interphalangeal joints after an attempt to flex the finger. The mechanism of extension is considered to be a contraction of the flexor digitorum profundus that is then transmitted via the lumbrical muscle structure to the extensor expansion. Using electromyography, we recorded the lumbrical muscle activity during the paradoxical extension phenomenon to determine whether the lumbrical muscle contributed to this event. Two patterns of electromyographical activity of the lumbri cal muscle were observed. Group I (6 fingers) displayed electrical activities in the lumbrical muscle during flexion tasks, while group 11 (12 fingers) did not. In group I, the lesions were mainly located in zone V, and the response to range of motion exercises was satisfactory. In group II, nearly all of the lesion were located in zone II, and half of the cases required additional surgical interventions. Group II appeared to exhibit the "Extensor habitus" phenomenon, while group I exhibited an "Extensor hab itus-like phenomenon." To distinguish between these two phenomena, an electromyographical exami nation of the lumbrical muscle must be performed. (Keio J Med 48 (4): 175-178, December 1999) 
Introduction
For the rehabilitation of injuries to the finger flexor tendons, range of motion (ROM) exercises must be conducted at an early stage in the patient's recovery to ensure smooth tendon excursion.1-3 The Kleinert method is frequently used postoperatively. This method enables early ROM exercises to be performed without imposing too much tension on the tendon. The Block ing exercise, in which the metacarpophalangeal (MP) joint is fixed and the interphalangeal (IP) joints are actively flexed, is also effective for the release of adhe sive tendon. During this exercise, however, the flexion movements of the IP joints are sometimes hindered at a certain angle when the patient attempts to perform an active or an assisted active flexion of the finger. This event is followed by a paradoxical extension. Alter natively, if the IP joints are passively flexed by a thera pist, a strong resistance is sometimes observed. In 1960 White named this phenomenon "Extensor habitus."4 He considered that when a transferred tendon was insufficiently tense, the force of the flexor digitorum profundus would be conducted through the lumbrical muscle structure to the extensor expansion, resulting in an extension of the IP joints ( Fig. 1 ).
However, our clinical experience suggested that the contraction of the lumbrical muscle may in fact be involved in the paradoxical extension phenomenon in some cases.5,6 We therefore studied the contraction of the lumbrical muscle electromyographically. This re port will discuss our findings and their relation to the mechanism of the paradoxical extension phenomenon that is sometimes detected after injuries to the finger fl exor tendons.
Subjects
Sixteen patients (13 males and 3 females) whose fin Reprint requests to: Dr. Toshio Kajiwara, Department of Rehabilitation Medicine, School of Medicine , Fujita Health University, 1-98 Dengakugakubo, Kutsukake, Toyoake, Aichi 470-1192, Japan, e-mail address: rehabmed@fujita-hu.ac.jp gers exhibited the paradoxical extension phenomenon were included in the study. A total of 18 fingers were investigated. The average age of the patients was 29.5 years old (10-57 years old). All the patients were treated in our department, and their exercise programs were started 3-4 weeks after their initial orthopedic in tervention. The fingers investigated in the study con sisted of 4 right index fingers, 4 left index fingers, 1 right middle finger, 2 left middle fingers, 3 right ring fingers, 2 left ring fingers and 2 left little fingers. When the IP joints of these fingers were passively flexed while the MP joint was maintained in an extended position, either a paradoxical extension of the IP joints or a resistive movement in the direction of flexion was detected.
The injured locations were classified according to the zones described by the Kleinert method.7 Conse quently, 2 fingers were classified as zones I and II, 10 fingers as zone II, and 4 fingers as zone V. The follow ing tendons were damaged: 2 flexor digitorum pro fundus in zones I and II, 6 flexor digitorum profundus in zone II, 4 flexor digitorum profundus and super ficialis in zone II, 1 flexor digitorum profundus in zone V, and 3 flexor digitorum profundus and superficialis in zone V. In two cases, the MP joint had been dislocated because of a proximal phalanx fracture, and no obvious fl exor tendon injuries were present. Adhesional lesions of the tendons in zone II were suspected based on the clinical features of the cases (Table 1) .
Methods
To clarify the mechanism of the paradoxical exten sion phenomenon, an electromyographical study was conducted on the lumbrical muscle to determine its involvement in the extension of the IP joints. The elec tromyographical measurements were performed using an MS20 (Medelec Ltd, Surrey GU22 9JV, UK) according to a method described in a textbook.8 A concentric needle electrode was inserted in the distal Table 1 Subjects FDS: flexor digitorum superficialis, FDP: flexor digitorum profundus, PP: proximal phalanx, MPJ: metacarpophalangeal joint, PIP: proximal interphalangeal. portion of the lumbrical muscle belly to detect the electromyographical signals. The frequency band varied from 10 to 10,000Hz, and the electrical signals were amplified by a bioamplifier. Motor unit action poten tials were observed for each of the following four limb positions described by Long and Brown (1964)9: 1) MP joint flexion with extension of the IP joints, 2) extension of the IP joints with extension of the MP joint, 3) flex ion of all finger joints, and 4) flexion of the IP joints with extension of the MP joint. In positions 1 and 2, the lumbrical muscle acts as prime mover and the flexor digitorum profundus is not involved. In positions 3 and 4, the flexor digitorum profundus acts as the prime mover and the lumbrical muscle is not involved.
Results
All 18 fingers were capable of performing the four finger flexion tasks required by the electromyographical examination as long as the complete motion was not required.
Based on the pattern of electromyographical activitiy in the lumbrical muscle, the fingers were classified into two groups. Group I showed electrical activitiy in the lumbrical muscle in positions 3 and/or 4, while group 11 showed no signs of electrical activity (Fig. 2) . Though other patterns of activity were theoretically possible, these two patterns were the only ones observed in this study. Six fingers were classified as group I and 12 fin gers as group II.
Among the group I cases, four of the fingers had been injured in zone V and one in zone II. In the remaining finger, where a proximal phalanx fracture had occurred, an adhesional tendon lesion was sus pected in zone II. Paradoxical extension occurred in four fingers, and resistance was felt in two. The total active motion (TAM) values at the time of the para doxical extension phenomenon's first appearance were severely limited, but the final TAM values measured 10 to 12 weeks after the initial surgical intervention had improved greatly as a result of the Blocking exercise in all group I cases except one (case#5). The paradoxical extension phenomenon disappeared in group I as the ROM exercises progressed. In the one exception, the fl exor tendon was in an advanced state of adhesion af ter a proximal phalanx fracture. In this case, the TAM value did not improve, and the paradoxical phenome non persisted (Table 2) . Twelve fingers were classified as group II. Among them, 9 fingers were injured in zone II and 2 fingers were injured in zones I and II. In the remaining finger, where an MP joint dislocation fracture had occurred, an adhesional tendon lesion was suspected in zone II. The paradoxical extension phenomenon occurred in 10 fingers, and resistance was felt in two. In one of the two cases where transferred tendon loosening was suspected, an additional surgical procedure to shorten the tendon was performed. The TAM value was improved, and the paradoxical extension phenomenon disappeared (case #7). In the cases that did not receive intervention, the paradoxical extension phenomenon persisted (case #8). Tenolytic procedures were per formed in two cases of severe adhesion for severe ad hesive condition (case #9, #10), and the tendon in one finger was surgically reconstructed (case #11). In these three fingers, the additional reconstructive surgical interventions improved the final TAM values, and the paradoxical extension phenomena disappeared in each case. In the other seven fingers, conservative release procedures to tendon adhesion were performed, mainly through the use of Blocking exercises. With the excep tion of two cases in which the ROM exercises were interrupted for non-medical reasons (case #12, #13), exxxcellent tendon excursions were achieved, and the par adoxical extension phenomena disappeared ( Table 2 ).
Discussion
The paradoxical extension phenomenon was named "Extensor habitus" by White in 1960. 4 White suggested that this phenomenon occurred when a transferred tendon was loosened in zone II after the surgical re construction of a ruptured flexor digitorum profundus or when a rupture of the flexor digitorum profundus persisted at a point distal to the origin of the lumbrical muscle. In 1970, Parkes reported on the "lumbrical plus phenomenon," which was considered to result from the degeneration or contracture of the lumbrical muscle because of excessive strain caused by a shortened flexor tendon.10 In either case, active contraction of the lumbrical muscle itself was not detected. Instead, the contractive force of the flexor digitorum profundus was transmitted via the lumbrical muscle structure to the extensor expansion, extending the IP joint ( Fig. 1 ). Since ROM exercises were not considered to be very effective, surgical reconstruction of the ruptured tendon of the flexor digitorum profundus or the resection of the lumbrical muscle were the most common treatments. 11 Since the origin of the lumbrical muscle has a specific structure that is associated with the flexor digitorum profundus, we suspected that in some cases of the so called paradoxical extension phenomenon, the actual contraction of the lumbrical muscle was contributing to the movement. We divided our cases into two groups according to the presence or absence of electrical activ ity in the lumbrical muscle during specific movements.
Among the six fingers in group I in which the activity of the lumbrical muscle was detected by electro myography, four fingers had zone V lesions. Since zone V is proximal to the origin of the lumbrical muscle, the possibility of what White had called "Extensor habitus" was ruled out in these fingers. We propose that this phenomenon should be called an "Extensor habitus like phenomenon" that occurs as a result of the actual contraction of the lumbrical muscle.' The mechanism for this type of paradoxical extension phenomenon can be explained by either of the followings: 1) the sup pression of flexion movements because of pain during postoperative ROM exercises, or 2) the facilitation of lumbrical muscle activity by contracture of the IP joints and/or adhesion of the flexor tendon as a result of ex cessive MP joint flexion during ROM exercises. These explanations were supported by our finding that con servative ROM exercises were sufficient to eliminate this phenomenon in some cases. 12 In two cases, the responsible lesion appeared to be in zone II instead of zone V. We believe that in these cases, the Extensor habitus phenomenon and the Extensor habitus-like phenomenon may co-exist. In other words, the contraction of the lumbrical muscle is facilitated by the vigorous fixation of the MP joint dur ing the Blocking exercise.
In group II, where the contraction of the lumbrical muscle was not detected, the injured regions were located in zone II, which is more distal to the origin of the lumbrical muscle. No cases of zone V lesions were included in group II. Consequently, White's Extensor habitus phenomenon appears to be occurring in this group. In half of the group II cases, the TAM value was improved and the paradoxical extension phe nomenon was eliminated only after additional surgical intervention.
